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Particulate, Colloidal, and Dissolved-Phase Associations 
of Plutonium, Americium, and Uranium in Water Samples 
from Well 1587 and Surface-Water Sites SW-51 and 
SW-53 at the Rocky Flats Plant, Colorado 

By R A. Harnish, D M. McKnight, J F Ranwlle, V C Stephens, and W H Orem 

Abstract 

The potential for off-site mport of plutomum m ground or surface water has been a concern m the rerne- 
diauon efforts at the Rocky Flats nuclear fachty near Denver, Colorado The transport and fate of dssolved radio- 
nuchde species are rnherently dBerent from those for part~culate or colloidal phases mvolvmg mhonuchdes To 
dishngwsh among &ssolved, colloidal, and pmculate phases, water samples were collected and were filtered m 
Senes usmg spual-flow filnabOn and tangemal-flow ultrafiluauon. One of the surface-water samples had a hgh 
content of larger pamcles, III &IS sample, plutomum and amencium were distributed m m y  m the pamculate phase 
Uranium was dstnbuted manly in the &ssolved phase. For the other surface-water sample and the ground-water 
sample, the colloidal fraction also was mprtant m plutomum and amencium dmnbubon. The filtrates from the 
l0,oOcrDatton ultrafilter we= fhcaonated, using ion-exchange rems and XAD-8 res111 for isolauon of fulvic aclds 
Most of the dssolved plutolllum was Bssoclated wth the fulvic aad for all three samples A poruon of the amen- 
a m  and uraruum achvity (5 percent to 21 percent) was associated wth fulvic acid, but most amencium and ura- 
mum were present in an momc form not assmated wth fulvlc and, m&catmg the possible mportance of other 
orgmc hgands or morga~c  monk specles 

INTRODUCTION 

The U.S. Department of Energy admuusten the operahon of the Rocky Flats Plant, a government-owned, 
contractor-operated faahty for nuclear-matenal processing located m northern Jefferson County, Colorado, about 
26 km northwest of downtown Denver The plant o p e d  111 1952, and plutomum (Pu) processlng conhnued untd 
1990, when the pnnclpal mssion of the plant changed from manufacture and processing of plutomum components 
to pollutant identrfimon and remedmion Pursuant to the U S Depamnent of Energy’s environmental reStOratlOn 
program for the Rocky Flats Plant, and m mperauon wth the U.S Department of Energy, 111 1991, the U S. 
Geologrcal S w e y  (USGS) began a study of the potemal for facfitated transport of Pu, amenaum (Am), and 
u m u m  0 by colloidal-nze pamcles at two surface-water sites and one ground-water site at the plant, Thrs study 
was designed to determine the predominant phases that control the transport of Pu, Am, and U in surface and ground 
water at the Rocky Fiats Plant and, in pamcular, the potennal for transport of these elements as colloids or as 
complexes With humic substances. The results of an mual samphng of the water from Well 1587 m November 1991 
are descnbed in a previous report by Hamish and others (1994) In summary, the conclusions m that study about 
achmde Qstnbuhon were that. 

1. About 65 percent of PU 239 and 240 was associated wth parhcutate and colloidal phases 

2 The pamculate h m o n  ( p e r  than 5 p) was nch m iron oxyhydroxldes, m smaller colloids, clay minerals 

3 Copper and nnc were present in the smallest colloid frachoa 

and orgmc matenal were important 
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The potenual exlsts for formaaon of complexes lnvolvmg a m d e s  and carboxylic-acid groups m naturally 
occurring l l v i c  acid. Plutomum, for example, forms complexes wth orgaruc carboxylates, and complexmg 
agents, such as NTA and EDTA, whch are used m some decontarmnatlon 
m fulwc acids and the mportance of hgand-to-metal ratios m controlhng 
born m an actual enwonmental s e m g  are potentially more d e h h v e  

Because of the heterogeneity 
on, s tu le s  of these mterac- 

Geohydrologlc Setting 

The Rocky Flats Plant is located east of the Front Range of the Rocky Mountsllns on a broad, east-sloping 
plain of alluvial fans between the streamat valleys of North Walnut Creek and Woman Creek (5gr 1 and 2) 
Detads of the geologx and hydmlogtc charactensacs of the area wtl-un the plant boundanes have been descnbed 
mprevlous reports (Ftockwell Intemauonal, 1987, EG&G, 1991, Harmsh and others, 1994) Well 1587 is a shallow 
alluvial momtonng well in the Woman Creek Bastn, about 90 m east of the 903 Pad (fig 2) The well IS cased with 
PVC prpe 10 cm m Qarneter, extends about 6 9 meters through the alluvium to bedrock, and IS screened through the 
lower4 9 m of alluvium The seep at ate SW-51 ongmtes about 180 m east-southeast of the 903 Pad (fig 2), then 
becomes a shallow stream that empues rnto a d m g e  ditch. The surface-water seep at we SW-51 is formed where 
ground water entexs permeable fORnahOIIS on a slope and IS ephemeral m response to d a l l  and mfiltrabon m the 
wclmty The seep at site SW-53 is a Farshy area fed by surface water m a depression about 275 m east-southeast 
of the 903 Pad area. All three sampling locat~ons are downgradmt from the 903 Pad area, a pOtenhd source of 
amrude contarmnabon Physical and chemical measurements (table 1) mdicate that these are well buffered, shghtly 
allcalm, cdaumhnagneslum bicarbonate type waters 

- 

Terminology Used in this Report 

Fdtrauon 111 envuonmental samphng Qi3dmOndy has used 0 45-pm filters for separamg the pmculate phase 
from the &ssolved phase Th~s choice of filter size 1s arbitrary because slze dstnbuDons for environmental pamcles 
in water form a conbnuum from less than 1 nm to hundreds of micrometers (Buffle and others, 1989,1992) 
(table 2) For the present study, five filter pore slzes were used for pmcle iSOlahOn and fracQonabon, and the 
following terminology is used to disbngwsh among the fract~ons 

1 The term “pmcle” refers to all phases of a sample that are not dissolved and mcludes colloids and pamculates 

? 
2 The term “parhculate” refers to the phase that is rewed by a 5 0-pm filter (used for samples from Well 1587 

and SW-51) or a 3 0-pm filter (used for the sample from 787SW-53) 

3 The term “colloid“ mcludes three d i s ~ c t  pamcle fracuons. 

a. Parhcles that pass through a 5 0-pm (or 3 0-pn) filter. but are retamed on a 0 45-pm filter 

. b Parucles that pass through a 0 45-pm filter, but are retamed on a 100,000-Dalton filter 

c Pamcles that pass through a 100,OOO-Dalton Nter, but are retamed on a 10,000-Dalton filter 

A 100,000-Dalton filter corresponds appmxrmately to a 5- to 8-nm (0 005- to 0 008-pm) filter A 10,OOO- 
Dalton filter corresponds appnmmately to a I-nm (0 001-pn) filter 

1 -  4 
4 The term “dissolved” denotes the phase that passes through a 10,000-Dalton filter 

J 
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Figure 2 Locattons of Well 1587, srte SW-51, and srto SW-53 at the Rocky Flats Plant 
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Table 2. Classlcation and nominal p h y s d  charactenstics of suspended matenal, adapted from Buffle and 
others, 1992 

I Molecular welght 
(Dalton) Sedlmsntntion rate 

622.000 

5-62 

2 5  

1 

0.45 

0 1  

0 001 

4 001 

>lo* 

>lo8 

>lo8 

108 

lo7 

lo6 
lo4 

e104 

5. In addtD0n. the following terms refer to filtraaon fraChOnS “filtrate” is the water and compounds of any sTze 
that pass through a f2mQon membrane, and ”retentate” is a matenal of any sue that is retamed by a filtrauon 
membrane 

6 The tern “fulvic acid” is OperahOn&y defined as dissolved orgaruc acid isolated on XAD-8 resm under 
condmons descnbed by Thurman and Malcolm, (198 1) 
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METHODS 

Sample Collectlon 

The task of isolating colloids from natural water is comphcated by the unstable nature of these parhcles and 
their low concentmom. Ideally, the isolated particles are unaltered from their natural state III terms of size, 

morphology, charge charactenmcs, surface area, chemical C O q X X i h O n ,  and sorbed species A practical god is a 
minimal perturbzmon dunng the samphg and processmg of the pamcles Thls need for mlnunal perturbauon 
necessitates sample acqusition and f i lmon protocols that m m i z e  physical dsrupuon of the pamcles and that 
avoid physiochenucal processes, such as coagulation, that alter colloid charactenshcs (Ryan, 1988) Exposure to 
the atmosphere, exposure to hght, and departures from m-situ water temperature can profoundly alter the physio- 
chemical charactensacs of the water sample. These consdemons are especlally cnncal when samphng ground 

t .  
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The f i lmon  rate ranged from 400 to 500 m4rmn for the 5 0- and 3 0-pm filtrahon to 100 to 300 d / m m  for 

The unfiltered 
sample was first atered by spual-flow f i lmon  through a 5 0-pm polycarbonate filter for Well 1587 and seep SW- 
51 and 3 0-pn glass-fiber filter for seep SW-53 Pmcles greater than 5 pm were recovered from the 5 0-pm filters 
by placlng the filters I I ~  a petn dsh and gently nnsng the filter surface Retentates thus obtruned were refngerated 
at 4OC. The 3 0-pmdepth filtranon of the sample from SW-53 precluded recovery of the greater than 3 B p  
pmcles by Nsmg, and analysis of the retentate for mhonuchdes at th~s site was accomphshed by acid leachlng of 
the filter 

, the 0 45-p ,  100,OOO- and 10,OOO-Dalton 6ltrabons The filtratxon sequence 1s shown m fipux 3 

i 
I 

! 

I 

The atme from the 5 0-pm (or 3 Cbp) filkihOn then was filtered through several 0 45-pm polyvmyhdene 
, fluonde filters by tangenual filtrahon, producmg a 0 45-pm filtrate. a 0 45-pm concentrated retentate, and parhcles 

adhenng to the filters Followmg filtrahOn, the filtration systems were disassembled, and adhenng colloids were 
removed from the filters by placmg a filter m a Teflon bag along with some retentate and gently rubbmg off the 
colloids, this process was repeated for a l l  filters of each size range The collected colloids were combmed with the 
retentate from the fracbon and were refngerated at 4°C. At each step of the filtrahon, Samples were taken of filtrates 
and rerentates for ramochemical and chemical analysls lMo subsequent tangential-filtrahon steps (100,OOO and 
10,ooO Dalton) were done 111 the same manner for the isolation of colloids Filtrauon protocols are hsted m bble 3 

I 

I 
i The final 10,000-Dalton filtrate was processed through a senes of XAD-8, amonexchange, and cauon- 
3 exchange  res^^^ The r e m  XAD-8 is a nomomc macropomus sorbent that has been used to solate fulvic acids from 

aquauc systems (Thunnan and Malcoh. 1981) Methods for the isohhon of aquahc fulvic acids have been 
reviewed by M e n  (1985) Protocols for resin extramon used m thls study are hsted m table 3 Parts of the 10,OOO- 
Dalton filtrate, acxhfied to pH 1 8, were passed through a column of XAD-8 The fulwc acids remned on the rean 
were eluted m 0 1 N NaOH and then acidified The acidified eluates were combined and reconcentrated on the 
XAD-8 column. The final eluate was hydrogen saturated on a cabonexchange rem, and the fulvic acid was 
lyophdized for analysis 

The eluate from the XAD-8 extracuon was adjusted to its ongnal pH (7 66 for Well 1587 water and 7 76 and 
7 57 for SW-51 and SW-53 surface water) usmg NaOH, 111 preparabon for subsequent extracuon by mon- and 
catron-exchange mins One-hundred htels of post-XAD eluant from each slte was extracted sequenually 111 a batch 
mode uslng 80 grams of Biorad AGI-X8 amonexchange resm (100-200 mesh, chlonde form) and then wth 80 
grams of Biorad AG5OW-X8 cahon-exchange resm (10&200 mesh, hydrogen fom) The resm were subsequently 
ashed and submtted for rabonuchde analysls 

Another 100-L part of the 10,000-Dalton filtrate from each ate, whch had not been previously extracted with 
XAD-8, was extracted sequennally by the same anion- and catron-mm treatment protocol Because fulvic aads 
contam carboxybc-aad p u p s  that are negabvdy charged at the neuual pH of the water samples, the Wvic aads 
also are removed from solunon by an amon-exchange m m  The resm were then ashed and submitted for analysis 
of radronuchde achvity 

Laboratory-grade deionized water was &tend by the same filttahOn protocol as the field water samples and 
thm analyzed at each f&ahOn step for Pu 239 and 240, Am 241, and U 233 and 234 acbvity The f3ters were 
digested and analyzed for the same radionuchdes The 10,000-Dalton filtrate then was passed through XAD-8, 
cauon-, and amonexchange resms, eluates and the resm were slmllarly analyzed for rahonucbde achvity In no 
case did detected achvihes of Pu 239 and 240, Am 241, or U 233 and 234 substantxdly exceed detechon hmits 
(tables 5-7), confmung that the f i lmon  equipment and protocol &d not substanually affect the reported achvihes 
of these acnrudes 

11 
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Table 3. Protcxxls used for filtration of water from Well 1587 and surface-water sdes SW-51 and SW-53 

[p. rm~mmcters. an?  cub^^ cenmetm. I htcn. -, no datal 

I 

Well 1587 

5om POretlcS Polycarbonate 35 2.30 833 034 

OAS p Mrllrpon Polynnylldmcfluonde 8 3.715 828 0 42 

100,000Ddtons Mlrporc Polyethmulfone 8 3.715 825 - 
10,000Daltons MIIIIprc Cellulose 8 3.715 820 0 80 

sw-51 

sow Poretlcs PolycaTboIuue 14 

0 4 5 ~  Mdllpore Polyvmybdenc fluonde 8 

100,OOO Daltons MIIIIpore Polycthcrsulfone 8 

10,000Daltmu hhhpore Cellulose 8 

sw 53 

3ow Balston Glass Gber 1 

0.45 pn M~Uporc Polyvlnylldene fluonde 6 

100,OOO Daltons Mllllpore Polyetbcrsulfonc 6 

10.0ooDal1011~ Mdllporr Cellulose 6 

896 300 0 30 

3.715 296 0 32 

3.715 292 0 52 

3,715 287 0 62 

- 120 - 
2,786 116 136 

2,786 112 1 08 

2.786 108 0 95 

I Q  
13 
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Table 5. Radiochemical analysis of field blanks plutonium 239 and 240 

(CM. ~~~~ pacoc~ner pcr Irta; pci/srmple. pcocrmu pr sample pCi/gram. p~cocunes per pram] 

Sample Result Analytical Detectlon 
Error Umit Units 

Wattr blanks 

URfiltered de~~nucd wata 0 001 

0004 

0 006 

0 001 

0 006 

0 002 

0004 

0 001 

5 0 9  filtered duonued water 

045- fihaed ~ ~ ~ ~ I Z C C J  wafer 

100,O-Dalton filtered demuzed water 

10.000-Ddton filtcrcd delonr~ed w a f ~  

Post-XAD-8 1O.OOO-Dalton 6ltcred d e 1 0 4  water 

Post amon-exchange resin 10,OoO-Dalton f i 1 W  de~onucd water 

Post cauon-exchange resm 1O.OOO.Daltm dhacd d u o d  water 

5 0- film (new) 

0 45-cyn flwr (new) 

100,OOO-I)rrhon ti& (new) 

1 0 . 0 0 0 - D a l ~  filter (new) 

XAD-8 rtsm (new) 

Amm-exchange rcsm (new) 

Cmoncxchmge rean (new) 

Filter blanks 

0 005 

0006 

0 003 

0 005 

Rain blanks 

0 

0 001 

0 001 

0 003 

0004 

0004 

0 003 

0 005 

0004 

0 005 

0 003 

0 005 

0 005 

0 007 

0 005 

0 008 

0 005 

0 006 

0 006 

pCdsample 0 013 0025 

PCdsmple 0 008 0 008 

pCllsemple 0 005 0 007 

pCJsample 0 010 0 018 

15 
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Reault Analytical Dbtection 
Error Umit Units 

WItW blnnkp 

U n m c r e d & ~ W s t a  022 

5 ~ f i l t c r r d d a o r u z t d w a t a  0 088 

OAS~Gltereddaantzed warm 027 

100,OOO-Ddton filtersd &muzed wata 0 31 

10,OOO-Dal~m hltcrad d~10nrZed water 023 

Post-XAD-8 10.000-Ddton filtaed dclonrzed water 0 12 

0 18 

0 15 

Post mon-exchange rem 10,OOO-Ddton filtaed damzed water 

Post catJoncxchange r s m  10.OOO.Dalton dltersd d a o t l l z e d  water 

5 O-pln6lteT (new) 

0 45ym dlter (new) 

100,OOO-Daltm dlta (new) 

10.000-Dalton 6lta (new) 

xAD-8 rcsm (new) 

hon-cxhrage ram (new) 

C~honcxchange rem (new) 

Fllta blanks 

0022 

0 007 

0004 

-0004 

Rala blanks 

0 

0 003 

0 01 

0 19 

0 13 

0.23 

0.24 

0.221 

020 

0 19 

025 

0 035 

0 026 

0 024 

0004 

0 03 

0 003 

004 

0.22 

0 16 

0.30 

036 

0.25 

022 

0.26 

0.20 

0 050 

0 059 

0064 

0 053 

0 12 

0 01 

0 08 

17 



Table 8. Detection limns for inductwely coupled plasmal 
atomlcsmissm spectrometry analysis 

Detection limlt 
(mlcrograrnr per liter) 

50 

2 

20 

1 .w 
20 

10 

1.OOO 

10 

1 .Ooo 

100 

1 .OOO 

5 

10 

10 

Table 9. Detection limits for anion analyses 

1 -  

1 D- 

Detection limit 
(mllllgmmr per liter) 

5 

5 

0.5 

3 

5 

0 1  

19 
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I T  collected and filtered The parhcle COncentratlOn of the whole-water sample was about 3 mg/L (table 12) Eighteen 
percent of the total pamcle mass was Fecovertd m the pmculate phase, about 82 percent of the total parhcle mass 
was present m the three colloidal phases 

1 

, For SW-53.120 L of water was collected and filtered The pmcle concenmon of the whole water sample 
was calculated to be about 100 mg/L Eighty-two percent of the total pamcle mass was recovered in the pmculate 
phase; 18 percent of the partlcle mass was present 1f1 the three colloidal phases 

Table 11. Measurements of pH made dunng the murm of ultrafikmtton of water from surface-water 
shes SW-51 and SW-53 

i 

100,000.Dalton 10,000-Dalton 
filtrate filtrate ELpWd tirm Unfitted 6.0-p n i m d  o 4- filtrate 

1 hour 

7hom 

14 hours 

pH in SW-n sample 

773 7 74 7 75 7 75 7 74 

7 75 773 7 76 7 74 7 76 

7.73 7 74 7 74 772 773 

1 pH in SW 5j sample 

1 hour 

4 hours 

8 hours 

754 7 56 753 7.54 7 53 

7.58 754 7 55 7.54 7.52 

754 755 754 755 7 53 
i 

S m n g  electron rmcroscope (SEM) exammuon of retentates from the surface-water samples, however, 
I 
I mdtcated m e  evidence of post-collechon aggreganon, although to a lesser extern than the Well 1587 sample The 

processes of xetentate concentrahon and prCparahOn of the sample for SEh4 analysu can affect apparent pmcle 
mes and argues for m-he  filtrabon for the acqulsiuon of SEM samples 

I 

J 

Particle Recovery 

21 
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. 
The pamcle-recovery data indicated the warate aqumc envmnments from whch the samples were 

collected. The sample from Well 1587 was typical of most &round water m that the concentration of pmculate 
species was low. The flowmg surface water at site SW-51, whch was m contact w~th bed sedunents and temsmal 
vegemon, cam& about mple the pamculate and colloid concentrahon of the ground water. The relahvely slow 
flowmg water of the wetland environment at ate SW-53, whch had extensive aquihc-plant popula~ons, c o n w e d  
pamculatc concentrat~ons about two orders of maptude greater than the ground water In the low-parhculate water 
of Well 1587 and s t e  SW-Sl,colloids were the predominant phase In the wetland water at site SW-53, colloids 
seem to compose a smaller percentage of the total pmcle conEnt.rahOn, although pamcles of 3 to 5 pn were 
defined as pmculates in thls sample, and therefore cmted a bias toward underesumahon of colloid concentrahons 
111 a s  sample. Colloids exlsted at much hgher concentrations m water from SW-53 than from Well 1587 and 
SW-51 Therefore, at all ofthe sltes, colloids exlsted m potenhdy suffiaent quanhty to fachtate the transport of 
racbonuchdes. 

I 
7 

Inorganic Chemistry 

The results of the analysis of the unfiltered and filtered water samples for morgmc species are hsted rn 
table 13 These samples are ennched m Ca and Mg, compared to Na, whch mdicates the geologx semng The- 
higher Ca concentrauons are consistent wth the measurement of  calate m the pamcle fracuons m the imual study 
(Harmsh and others, 1994) For all  the major caaons, the &solved specles were the predormnant form Th~s result 
is smllar to the result from the htial study (Harmsh and others. 1994) 

SW-51, only AI, Fe, and Ba had concentmom greater than the detecaion b i t  and, for Well 1587, only Al and Ba 
were detected m the unfiltered sample "hs pattern can be explamed by the much greater abundance of pamcles m 
the water sample from SW-53 The Al COncentrahOn detected m the sample from Well 1587 was essenhally 
unchanged by filtraaon, m&cahng tbat the Al was truly d~ssolved 

through the 5 O-pm hlter (table 13) 'IUS nsult mdicated that the parhculates from these two sites may con- 
hydrous Al and Fe oxrdes Such oxldes would have surfaces wth the capabhty to sorb mbonuchdes 

The associahon of trace metals with the pamculate and colIoidaI fracnons was more comphcated for the 
sample from SW-53 Alurmnum and the trace metals that had low concentrations m the unfiltered samples 
(Zn, As, and V) were removed by the first (3-pm) filtrahon step (table 13) The decreases in Al and Fe concentra- 
hons at the first filtrate were greater than tenfold, but the decrease m Mn was only about fourfold This result 
md~cated that the SW-53 parhculates were possibly ennched m hydrous Al, Fe, and Mn oxldes 

conccntrahons to undetectable values In contrast, ~ I S S O I V ~  Mn was not decreased to undetectable levels even by 
the final 10,oOO.Dalton filtration step These d t s  ind~cated that the colloids between 3 and 0 45 pn may contam 
hydrous Fe oxides and that the colloid €ramons likely &d not contiiln su-d concenmuons of Mn oxides It 
is not known why Mn concenmons mcreascd rn the 100,000-Dalton and 10,000-Dalton filtrates at ate SW-53 

1 

I 

9 The dwolved morgantc specles detected m the unfiltered samples from SW-53 are hsted m table 13 For 

For the sample from S W-5 1, the Al and Fe concentranons were decreased substanhally by the first fiImaon 

Measurable concentrahons of Fe were M the 3-pm filtrate (table 13), but the next filtration step decreased 
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Filtrate Analysls 

Results of rad-~ochemcal analyses of unfiltered samples and filtrate samples of ground water from Well 1587 
and surface water from rites SW-51 and SW-53 are hsted m table 14 and are nqmrted m picocunes per hter 
Plutomum 239 and 240 were detected m all unfiltered samples and fitrate samples from aU three sites, and the 
hghest activity concenmons were detected m the unfiltered samples (table 14) Total (unfiltered) concentrahons 
were hg&st in the surface-water samples from SW-51 and SW-53 (about 1 45 and 4 14 pCfi), the concentranon 
was about 0.26 pn/L in the water from Wd 1587 Plutomum 239 and 240 concentrahon acuviues were sigmfi- 
cmtly lower m the 5-pm and 3-pm filtrates and in subsequent filtrates These results inhcated that PU IS parhcle- 
reaChVe, prcfmal ly  assoaatmg wlth the pamculate slze fractlon m these water samples More than 92 percent 
of the Pu 239 and 240 conccnmon m the Well 1587 sample was assmated wth the pamculate fraChOn greater 
than 5 p t .  Slmllatly, 80 percent of the Pu 239 and 240 achvity III the SW-51 sample and 79 percent of the Pu 239 
and 240 activity m the SW-53 sample were assoclated wth the pamculate framon The only colloid fracuons that 
compose a substanbal part of total Pu 239 and 240 achwty were the 0 45- to 3-)un frachon from SW-53 where about 
20 percent of total concentration was assoclated wth ths fraChOn. 

The un6Itered conwnmuon of about 0 26 pO/L rn water from Well 1587 was an order of maptude greater 
than the amcentrauon (0.0235 pWL) measured ~n the November 1991 sampbng of the same well (Harmsh and 
others, 1994). This disparity may be due to mobduatzon of Pu by the greater mfiltrauon rate and shear forces that 
could detach Pu-beanng parades from aqufer sohds or surface sods pnor to &traUon of water 111 the spmg m y  
season AltEmaCrvely, the &spanty may be due to the difficulty of obmung representahve samples m systems 
CoNatning large pamcles and paxttcle-reactive contamvlants Large part~cles are less hkely to be wfomly distnb 
uted rn the sample, and, thus, a single sampllng of a water for a pamcle-assmated speaes is less W I y  to be 
rcpresentatiVt of mean conccntmon of that speues Amenaum 241 concentrauons III the Ntrates from the three 
sites were generally near or less than detecum limits (table 14) No lnteIpfetahOn of szedstnbuhon aSsoclahOn 
was possible U m u m  233 and 234 were detected m the unfiltered and filtrate samples from a l l  three sites 
(table 14). and the utuformity of concentmons in all of the framons d c a t e d  that most of the U 233 and 234 m 
these samples was m the lssolved phase 

Particle Analysis 

Results of rachochemtcal andys~s of the dned ntentdtes from the three samples and of the grab samples of 
algae obtained at sites SW-51 and SW-53 are hsted m tdbk 15 These concentratlons are a measwe of the extent of 
reactivrty ofeach particle-srze fraction wth Pu 239 and 240. Am 241, and U 233 and 234 The data do not lnQcate 
relahve abmdanm of particles among the size fractions and, thus, are riot a measure of the contnbuuon of each m e  
fraction to total radtonuchde load m the water The mass of the recovered pmculate frachon and the largest colloid 
frachon from SW-53 rn from a 3-p filter and arc not directly comparable to the Same frachons collected at the 
other two sample sltes. 

Plutomu 239 and 240 acnviues assoclated wth the pmculate frachons were remarkably consistent among 
the three sample rites (about 7.25,7 68, and 8 23 pCVg for Well 1587, SW-51, and SW-53) (table 15) Plutomum 
actiwhcs associated wth the colloidal fractions, however, macated conslderable vanahon among these sites The 
largest coIIoidal -on (0 45 to 5 jun for SW-51 and 0 45 to 3 pm for SW-53) was associated with the hghest 
Pu 239 and 240 aChVity concentrations rn samples from SW-51 and SW-53 (28 05 and 23 33 pCl/g) Plutomum 
achwty m the Well 1587 0 45- to 5-pm colloidal fracnon was much lower (223 pCt/g) The sample from SW-51 
had hgh Pu amvittes for the two smaller colloid fmcnons (10 72 pCl/g for the 100,000-Dalton to 0 45-pm fracuon 
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Table 15 Results of radiochemical anafysis of dned retentates and algal samples recovered in the filtration of 
water from Well 1587 and surface-water sttes SW-Sland SW-53 

phrw S b  
Pu 239 and 240 Am 241 U 233 and 234 

well 1587 

7.25*199 

2.2339 74 

PQtlCUb 

collold 

colbld 

Colloid 

134fo 82 

054fo38 

ND 
ND 
- 

OJW n 
- 

107M32 

- 
03150 17 

sw-51 

7 6839 93 

28 05k432 

107-1 65 

13 W 9 8  

127Mo 76 

11 49259 

544fl67 

3102089 

0 89M38 

278M22 

544k4 15 

5.27s 10 

2 833217 

2.2&193 

038H 15 

1 
J 

SW.53 

8 2 3 s  40 

233339 41 

0535022 

034M 18 

1 13fo 13 

Ppoculrrtc 

cobld 

collold 

collold 

Algae' 

18lil02 

3 4 m 5 9  

03833 17 

O M 0 8  

038iO 09 

01Moo4 

2 w1.29 

2 89fl75 

3 19il43 

ND 

=-a 

11 
iJ 
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Tabis 16. Results of radlochemlcal analysls of recovered retentates, particles adhering to filters. and dissolved phase 
in water horn Well 1587 

Phase S b  
Percent of Percent of 

Total total activity particle mass 
in size fraction in size fraction 

RUCOWd Partides 
retentoter adhdng to filters 

Pu 239 .ad 24OAdvity 

@cvL) 

Pm& >5pm 8 70E4f239E4 2.88ESfiJOE-6 8 99E-4f243E-4 - 9 

Collold 0 4 5 p S p n  4 46E-4ilME-4 3 45E-4f550E-6 7 91E4f154E4 - 16 

Colloid 1OQOOO-Ddtrmr - 0 45 - 7 75E-5f1.24E-5 7 75E-5f124E-5 - 28 

Colloid 1O.ooO.Dd~ - 100,~D. l tOar  6 7 4 - W  1 10E-5f2 1OE-6 6 85E4f2 04E-4 - 47 

Dusohred <10.000-D.ltons '1 2OE-2fzOE-3 - 

Total 1 99E-3f5 89- 4 60E-4f235E-5 152E-2f2.61E-3 - 100 

Am 241 Actlvg 

@cvL) 

Pamculrue >5pm 1 61E-4f9.84E-5 2.82E-5S 638-5 1 89E-4f1.25E-4 - 9 

Colloid 0 45 pm-5 pm 1 08E47 6OE-5 332E-5fl87E-5 1 41E-4f9 47E-5 - 16 

Colloid ~OQOOO-DP~WJ - 0 45 pm - 1 OSE-5M30E-6 1 05E-5f430E-6 -- 28 

Colloid 10.OOO-Dd~ - 100,mDaltons 1 95E4tl W E 4  1 02E-5s 40E-6 2 97E4f1.16E4 - 47 

I)lssolvcd <10,mDaltons P 5 9 E 4 f 5  66E-4 - 
Total 

4 64E-4fz81E-4 8 10E-Sf5 87E-5 1 60E-3f9 06E-4 - 100 

umMdv4 

@cuL) 

ND 2.49E4flO2E-4 249E4fl  ME4 - 9 

Collold 0 4 5 p b 5 p n  ND ND ND - 16 

Colloid 1~OOO-D.ltaU - 0.45 - ND ND - 28 

C0ll01d 10.OOO-Ddtonr - 100,OOO-Dal~ 6 17E4f 85E-4 m 6 17E4f4 85FA - 47 

I)lssoived <1O,OOO-Dalron~ '55OE-lfl32E-2 - 
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Table l?. Results of radiochemical analysis of recovered retentatas. partcles adhenng to filters, and dissolved phase 
in water from surface-water srte SW-51 

Percent of Percent of 
Total total actlvlty partido mass 

In size fractlon In SIZO fnction 

Racovwed Partides 
retontabs adhering to filters 

I 

~~ ~ ~ -~~ ~~~ ~~ ~~ ~~~ 

Pu 239 and 240 Actkity 
WW 

Pamculate >5pm 4 15E-2bQ97E-3 954E-3fl43E-3 5 IOE-2i5 NE-3 28 18 

Colloid 045lVnjpm 1.29E-2tlOlE-3 1.2OE-Bl12E-3 249E-233 13E-3 14 16 

Collold 1OO.OOO-Daltons - 0 45 8 79E-3f135E-3 127E-2i7 6OE-3 215E-2f895E-3 12 n 
Colloid 1 O ~ O W D d ~  - ~OO,,OOO-D~W 1.54E-WOE3 1 1 1 E - M  63E4 265E-B2 96E-3 14 39 

I)lsSoi~Cd < l O , o O o - D ~  - - '5 90E-2k826E-3 32 

I 
1 

1 

Total 7 86E-2il ME-2 453E-2fl OSE-2 1 83E-lf2 97E-2 100 100 

Am U1 Activity 
(PCW 

Pamculate >5pm 6 18E-3f139E-3 121E-3fl27J2-4 739E-3f152E-3 33 18 

Collold 0 4 5 p 5 p m  250E-3f7 73B-4 2 63E-3f26OE-4 5 13E-3fl03E-3 23 16 

collod 100,OOo-mtons - 0 45 pm 2.54E-3k7.24E4 131E-3il7OE-4 3 85E-%8 94E4 17 27 

C&Pd 10,000-Ddt01~ - 100,000-Daltons lME-3MAlE4 6 44E4illOE-5 1 69E-3f432E-4 7 39 

h s o l v e d  <lO.OOO-Daltons - - 24 56E-3M 45E4 20 
I 

Total 1.23E-W33E-3 5 79E-3f5 68E4 DE-2k454E-3 100 100 

U233md234 
(Pcm 

2 948-3-E-3 281E4il98E-4 3 ZE-3f2A3E-3 <1 18 

Colloid 0.45pm-5pm 2.42E-3rn6E-3 337E4fl l lE-4 276E-3f2 48E-3 <1 16 

COIIO~ 100.OOO-Daltons - 0 45 232E-3il7TE-3 5 64E4flSE-4 288E-3f190E-3 <1 27 

Collold lO.(IOO-DaltonS - ~OO.OOO-D~W 26OE-3-E3 6 74E4M 07E-4 3 27E-3i2.68E-3 <1 39 

Dusohred clO,OOO-Daltons - - * 1 32E+Of120E-l 99 

Total 103E-?AB 638-3 1 85E-3f851E-4 133E-tOi130E-1 100 100 
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The concentrat~ons of Pu 239 and 240, Am 241, and U 233 m vanous dssolved phases for the three water 
samples are hsted ~ 1 1  tables 19-21 As descnbed m the @cussion of pamcle and filter analysis, the SW-53 sample 
had the greatest concenmon of pamculates, and most of the PU 239 and 240 was assmated wth h s  pamculate 
matenal For the other two samples, the acavity concentrauon of dmolved Pu 239 and 240 was greater than that of 
the particulate Pu 239 and 240 The total-dmolved Am 241 amwty COnCentrahOn was less than detechon 111 all 
three samples. For all samples, most of the U 233 and 234 was m the dssolved phase 

The achvlty concenmon of Pu 239 and 240 complexed by fulwc aad was calculated 111 two ways In the 
fust method of CaIculaDon (duect), the achvity concatranon of rabonuchde 111 the isolated, lyophohzed fulvic aad 
was mdhphed by the fulvic-aad concentm ‘on In the second method of cdculahon (hfference), the amon and 
CahOn achvlty concentraaon were summed for the influent filtrate and the XAD-8 effluent. Thrs sum represents an 
estunate of the Qssolved achvlty concenlrahon. “hen, the fulvic aad associated acwllde was calculated as the 
hfference between the sum for the lneuent filtrate and the sum for the XAD-8 effluent. For Pu 239 and 240, the 
sum of the cation and anion amvity is very close to the &rect measurements of dssolved PU 239 and 240 (77 percent 
to 109 percent of the hssolved concenmon) For Am 24 1, the dlssolved acuvity concentranon was less than 
detechon, whch is the reason for b m g  the second CdculahOn on the sum of the canon and amon amwty concen- 
m o n s  The calculatton by &fference for U 233 and 234 resulted m comparable values to the hrect calculauon, 
but the values had a greater error 

For a l l  rbree water samples, the two calculations for fulvic acid associated PU 239 and 240 produced very 
smilar results, m&cahng that between 57 percent and 88 percent of the dmolved Pu 239 and 240 was complexed 
by fulvic aad The nrmlanty of the results of the two calculahons mdicates that the alterahon of pH dunng the 
isolat~on pnocedure does not cllsnrpt the fdvic-acid/Pu complexes At the very hgh hgand to metal mhos m these 
samples, smrng complexes would be pnxlomtnanf and it is not surpnsmg that these complexes would not be 
&srupted by pH d t C m I O n S  The achvlty C O ~ c e a t n 3 t t O n S  of Am 241 assoaated wth the fulvic acid were very low, 
consistently two orders of magmtude lower than the concentranons of Pu 239 and 240 assmated wth Mvic acld 
In contrast, the actfvity of fulwc-and-bound U m a l l  three filtrates was larger than that for fulvic-aad-bound Pu 
The amvity was, however, not as hgh a percentage of the total mssolved achwty 

Dissolved-Phase Anionic and Cationic Associations 

The 10,OOO-Dalton filtrates and the efliuents from the XAD-8 m m  were reacted wlth the amon- and catton- 
exchange resins to further access the chemical specratton of the dmolved acmdes The results are presented m 
tables 19.20, and 21 and m summanzed m table 22 A general partem is evident. When the samples were reacted 
wth thc aruon-exchange mm, most of the &solved mbonuchdes were removed, whereas only small propomons 
of the donuchdcs wen nmoved by the catloncxchange resln The findmg that the canomc forms of al l  three 
raQonuchdes were consistently the W o n  that had the least achwty inQcatcd that the dssolved radionuchdes are 
not present as slmplc ions, such as bo2+. 

In the case of PU 239 and 240, these results are consistent wth the previous result that the assolved Pu 239 
and 240 was complexed by fulvic aad. Fulwc acids are momc at the near neutral pH of the samples and would 
have been sorbed by the anioncxchange nsn. The results, therefore, can be explmed by the SOrphOn of fulvic 
acids containing complexed Pu 239 and 240 and provide further support for the unportance of fulvic-aad complex- 
&on of Pu 239 and 240. However, for Am 241, the achvity concentrahon removed by the mon-exchange rem is 
ten to twenty times greater than that associated wth the fulvlc aad. There are several posslble explanahons for thrs 
result. One eXphahOn is that the &ssolved Am 241 p e s  are present as morgmc mons Another explananon 
is that hssolved Am 241 is complexed by orgmc ligands that are not solated as fulvic aad, such as more 
hydrophhc orgmc acids (Arken and others, 1992) For U 233 and 234, the amomc actlvity concentmuon also is 
greater than the Ilvic-aad-associated aChWty concentmuon, but not to as great an extent as for Am 241 The same 
two possible explanauons also are apphcable to th~s result. 
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Table 20 Results of radlochemlcal analysis of less than 10,000-Dalton dissolved phase in water from surface-water site sw-51 
for fuhrc-ad, anionic, and cattonic associations 

sunpk 

Actlvlty of sample 
(PCvL) 

Pu 239 and 240 Am 241 U 233 and 234 

FilUatC 

XAD-8 mlae (FAE)' 

XAD-8 solate (FABY 
i 

? 

hon-exchangensm (AFX) 

Catmn-exchange xtsm (Cwr) 

Total AEX and C M  

1 1  

I 
1 

Y 

Post-XAD-8 axuon-exchange resm (XAD-AEX) 

I Post ?CAD-8 catroncxchange ItSm 0 
Total FAB and XAD-AEX 

5 WE-2f826E-3 m 132E&l.2OE-l 

521E-2k5 88E-4 226E4f3 1%-5 9 60E-X230E-2 

4 WE-2k958E-3 4 77E4il96E-3 1.23E-kk6 WE-2 

6 ME-2t3.25E-3 4 46E-3S 58E-4 658E-li4 83E-2 

9 97E-4i3 04E-4 1 04E4k8 7%-5 334E-M 27E-3 

6 15E-2t355E-3 456E-3M 458-4 6 91E-133 36E-2 

1 16E-2tS 88E-3 3 93E-3fl2OE-3 5.28E-1M 1 E - 2  

214E4fl46E-4 153E4fl08E-4 4 O S E - B  49E-3 

6 13E-B6 47E-3 4 16E-3fl23E-3 6.248-li6 4 E - 2  
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Table 22. Summary of fulvrc a d ,  antonrc, and cationmassociation ratios of actinides in the less than 70,000-Dalton dlssobed 
phase in waer from Well 1587 and surface-water sites SW-57 and SW-53 

Ipu, plutcmum, Am, -am, U. PIPUIIID. ND. not dckcd, FAB. fuhm-aad bound, AM, mumach.nge m m  XAD-AEX. 
polt-XAD-Bmrpo-achryeltmrfl 

Ratlo of activity in specified fraction to total dissolved aclivfty 

Am 241 U 233 and 234 Pu 239 and 240 

FAB amvaty (Cllroa)' 

FAB actrvity (Mercnccy 

h m c  rtlvaty 

caturmc achvlty 

AExltotal(FABadxAD-AEx) 

Well 1587 

% 81 4(0 62) 30 05 ~(ND) 30 11 4(0 09) 

% 75 4(0J7) 30 13 4 ~ )  30 17 4(0 14) 

30 93 4(0 71) 3095 40) 30 82 4(0 67) 

30 07 4(0 05) 30 05 4 ~ )  30 18 4(0 15) 

0 91 107 0 99 

30 98 4( 1 03) 

30 02 4(0 02) 

0 95 

sw-53 

30 68 4 ( ~  74) 

jow4(104) 

JO OQ 4(0 05) 

%I 68 4(0 74) 

0 98 

3098 40) 

3 0 ~ 4 ~ )  

1 07 

'095 4(0 50) 

30 05 4(0 03) 

1 05 

30 15 4(0 11) 

3021 4 ( ~  15) 

30 08 4(0 06) 

'0 92 '(0 67) 

105 
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A Well 1587 - XAD-8 ELUATE (FULVIC ACID) 

I 1  
I , 

I 

I I I I I I I I I I I I I I I I 
250 200 150 100 50 0 -50 -100 

B Well W-51- XAD-8 ELUATE (FULVIC ACID) 

I I I I I I I I I I I I I I I 1 
250 200 150 100 50 0 -50 -100 

C Well SW-53 - XAD-8 ELUATE (FULVIC ACID) 

I I I I I I I I I I I I I I I J 
250 200 150 loo 50 0 -50 -100 

CHEMICAL SHIFT PPM 

Flgure 6. '3Carbon-NuclearMagne~ Resonance spectrum of fubc acid solated from the dissolved phase of water from A, well 
1587, B. SW-51, and C, SW-53 
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Table 25. Electrophoretic mobillty of partlcles recovered by filtration of water from Well 1587 and surface-water 
srtes SW-51 and SW-53 

Electrophoretic mobility 
WfllW 

Ph.80 sb. Well 1587 sw-51 sw-53 

-1 04kO 06 -1 0 5 s  04 - Pamculate >5 Clm 

colloid 0 4 5 ~ - 5 ~  -1 O l f o  08 -1 03M 05 '-0 77fo 05 

collold 100,OOO DdW - 0 45 - -0 97M 06 -0 85fO 05 

Collold 10,OOO D ~ ~ O I I S  - loO.ooO Daltons -1 ai0 03 -1 15M05 -1 073304 

'0 45 p~ - 3 ptn for SILC SW-53 

CONCLUSIONS 

1 Subsmal  percentages of total Pu 239 and 240 and Am 241 amvity are assoclated wth pamculate phases 111 

ground water and pamulate and colloidal phases rn surface water, despite the large vananon 111 the total con- 
cenmon of the parhculate and colloidal phases 

2 Umum 233 and 234 are predarmnanty 111 the Qssolved phase, agam mdependent of pamculate and colloidal 
concentrations. 

3 A substantml percentage of &solved Pu 239 and 240 IS complexed by dissolved fulvic acid, and the concen- 
tmDons of dssolved Pu 239 and 240 rnmases wth dmolved fulvic-and concentrabon 

4 Dssolved caaomc forms account for very low percentages of dissolved PU 239 and 240, Am 241, and 
U 233 and 234 

5 Dmolved U 233 and 234 and Am 241 are predominantly momc in nature, but not assoclated wth drssolved 
fulwc acids, m&cmng the posslble mpomce of other orgaruc hgands or morgaruc momc species 
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